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ETCHING SOLUTION FOR FORMING AN EMBEDDED RESISTOR 

Field of the Invention 
[0001] The present invention relates to an etching solution for etching an 

electrically resistive layer on a resistive foil, and more specifically to an etching 
solution containing thiourea, which is particularly suitable for etching an electrically 
resistive layer comprised of a nickel-chromium alloy. 

Background of the Invention 
[0002] As electronic devices become smaller and lighter, associated printed 

circuit boards (PCBs) need to be smaller and thinner. To reduce the size of PCBs, 
trace lines are made finer, and spaces for electrical interconnections on the PCB are 
reduced. Integration of passive discrete components (such as embedded resistors) into 
the PCB is also useful in reducing the size of PCBs. Integrating the functionality of 
passive discrete components into a PCB's laminate substrate, frees up PCB surface 
area available for discrete components. Consequently, the use of embedded passive 
components allows for increased device functionality by incorporation of a greater 
number of active components without using more PCB surface area. Furthermore, 
embedding passive components into a PCB not only allows for further miniaturization 
of electronic devices, but also improves reliability and electrical performance. 
[0003] One prior art approach to making embedded resistors has been to use 

resistive foils that are made by depositing a thin film of an electrically resistive 
material on a copper foil. Metal alloys having nickel (Ni) and chromium (Cr) as major 
constituents (hereinafter referred to as "nickel-chromium" or "Ni/Cr" alloys) are 
typically used as the electrically resistive material in forming embedded resistors. One 
such metal alloy is Ni/Cr/Si/Al. The process for forming an embedded resistor 
includes: (a) laminating the resistive foil on a dielectric layer, (b) sequentially etching 
the resistive foil to form resistors, and (c) burying the formed resistors within a multi- 
layer printed circuit board. 

[0004] In the above-mentioned sequential etching process, a first selective 

etching solution is used to remove unwanted copper without attacking the Ni/Cr alloy. 
A second selective etching solution is then used to remove the unwanted Ni/Cr alloy 



without attacking the copper. Acidic chromium etching solutions are preferred in 
etching Ni/Cr alloys. 

[0005] There are several patents for acidic chromium etching solutions. For 

example, U.S. Patent No. 2,230,156 describes a chromium etching solution containing 
hydrochloric acid and glycol, the glycol having more carbon atoms than hydroxyl 
groups, and U.S. Patent No. 2,687,345 describes a chromium etching solution 
containing calcium chloride and ethylene glycol. Furthermore, U.S. Patent No. 
4,160,691 describes a chromium etching solution containing hydrochloric acid and 
glycerin. All of these noted solutions are acidic chromium etching solutions, which 
effectively remove chromium with little or no attack of the copper. Therefore, these 
prior art etchants may be used to etch a Ni/Cr alloy layer. 

[0006] It has been observed that the etching rate of solutions of the type 

heretofore described decreases significantly as the following ratio increases: 

the surface area of copper exposed to the etching solution (Csa ) 
the surface area of Ni/Cr alloy exposed to the etching solution (Rsa) 

[0007] This ratio (hereinafter referred to as "the C S a/Rsa ratio") can reach a 

value wherein etching of the Ni/Cr alloy is inhibited. Moreover, it has been found that 
some Ni/Cr alloy etching solutions may dissolve treatments (including, but not limited 
to, adhesion-promoting treatments (e.g., nodular treatments), thermal barrier layer 
treatments, stain proofing treatments, and resin resistant coating treatments) that are 
deposited on the copper surface to enhance the peel strength and shelf life of a 
resistive foil. 

[0008] The present invention addresses these and other drawbacks of the prior 

art and provides an etching solution containing thiourea, for etching a resistive layer 
comprised of a nickel-chromium alloy. 

Summary of the Invention 
[0009] In accordance with the present invention, there is provided a resistive 

etching solution for etching an electrically resistive material including a nickel- 
chromium alloy, comprising hydrochloric acid and thiourea. 

[0010] In accordance with another aspect of the present invention, there is 

provided a process for forming an embedded resistor from a resistive foil having a 



copper layer and a resistive layer, wherein the resistive foil is bonded to a dielectric 
layer, the method comprising: selectively removing portions of the copper layer with a 
copper etchant to form trace lines; and selectively etching the resistive layer with an 
etchant comprised of hydrochloric acid and thiourea. 

[0011] It is an object of the present invention to provide an etchant for etching 

a Ni/Cr alloy. 

[0012] It is still another object of the present invention to provide an etchant 

which improves the etching rate of a Ni/Cr alloy. 

[0013] It is yet another object of the present invention to provide an etchant as 

described above which suitably etches Ni/Cr alloy where the Csa/Rsa ratio is 
relatively large. 

[0014] These and other objects will become apparent from the following 

description of a preferred embodiment taken together with the accompanying 
drawings and the appended claims. 

Brief Description of the Drawings 
[0015] The invention may take physical form in certain parts and arrangement 

of parts, a preferred embodiment of which will be described in detail in the 
specification and illustrated in the accompanying drawings which form a part hereof, 
and wherein: 

[0016] FIG. 1 is a cross-sectional view of a laminate assembly comprising a 

resistive foil bonded to a dielectric layer; 

[0017] FIG. 2 is a cross-sectional view of the laminate assembly shown in 

FIG. 1, after an etching process to etch away portions of the copper layer of the 
resistive foil; and 

[0018] FIG. 3 is a cross-sectional view of the laminate assembly shown in 

FIG. 2, after an etching process to etch away portions of the resistive layer of the 
resistive foil. 

Detailed Description of Preferred Embodiment 
[0019] Referring now to the drawings wherein the showings are for the 

purpose of illustrating the preferred embodiment of the invention only, and not for the 
purpose of limiting same, FIG. 1 shows a cross-sectional view of a laminate 10 
generally comprised of a resistive foil 40 bonded to a dielectric layer 60. Resistive 



foil 40 includes a copper layer 20 and a resistive layer 30. Resistive foil 40 is formed 
by depositing resistive layer 30 on copper layer 20. By way of example and not 
limitation, resistive layer 30 is deposited using a sputtering process. Resistive layer 30 
may take many suitable forms, including but not limited to, a nickel-chromium alloy, 
and preferably a nickel -chromium alloy comprised of nickel, chromium, aluminum 
and silicon (Ni/Cr/Al/Si). In a preferred embodiment, the Ni/Cr/Al/Si alloy is 
comprised of 56 wt% nickel/38 wt% chromium/4 wt% aluminum/2 wt% silicon. 
Dielectric layer 60 is, by way of example and not limitation, a cured epoxy resin 
containing woven glass fiber (conventionally referred to as a "prepreg"). 
[0020] A sequential etching process is used to form resistors. The sequential 

etching process includes a first selective etching process for etching copper layer 20 
and a second selective etching process for etching resistive layer 30. 
[0021] As is conventional in the prior art, in preparation for etching copper, a 

photoresist layer 50 is applied to copper layer 20, a mask (not shown) is applied over 
photoresist layer 50, and selected portions of photoresist layer 50 are cured in 
accordance with the mask. The mask is then removed, followed by removal of 
uncured photoresist. Cured photoresist remains on copper layer 20 where trace lines 
are to be formed by etching. FIG. 2 illustrates laminate 10 following the first selective 
etching process wherein trace lines are formed. In this regard, selective portions of 
copper layer 20 are removed to form trace lines 22, 24 and 26. 

[0022] FIG. 3 illustrates laminate 10 following the second etching process 

wherein selected portions of resistive layer 30 are removed. It will be understood by 
those skilled in the art that any areas of exposed resistive layer 30 that are not to be 
etched by the second selective etching process must be covered with an appropriate 
photoresist. 

[0023] As discussed above, it has been observed that the presence of copper, 

and more specifically the amount of exposed copper surface area to be etched, appears 
to affect the performance of etching solutions used to remove the resistive material. In 
one respect, the etching rate of an electrically resistive material (typically a Ni/Cr 
alloy) will decrease significantly as there is an increase in the Csa/Rsa ratio. This 
ratio has been observed to reach a value wherein resistive layer etching is completely 
inhibited. By way of example, in the embodiment shown in FIG. 2, the exposed 
copper sidewalls 22a and 24a have a surface area significantly greater than the surface 



area of the exposed resistive material 30a. Likewise, it can be observed that the 
surface area of exposed copper sidewalls 24b and 26b have a significantly greater 
surface area than the surface area of exposed resistive material 30b. 
[0024] It has also been observed that the etching rate of the resistive material 

using etching solutions will also decrease as the exposed copper is in closer proximity 
to the resistive material to be etched. Thus, in the example shown in FIG. 2, as 
spacing between trace lines 22, 24 and 26 decreases, the size of exposed areas 30a, 
30b relative to exposed copper sidewalls 22a, 24a, 24b and 26b and the proximity of 
exposed areas 30a, 30b to sidewalls 22a, 24a, 24b, 26b decreases. As a result, the 
etching rate of conventional etching solutions will be observed to decrease. Moreover, 
it has been found that conventional resistive etching solutions may dissolve treatments 
deposited on copper layer 20. 

[0025] As will be appreciated, the Csa/Rsa ratio can be reduced by not 

stripping the cured photoresist from copper layer 20 after unwanted copper has been 
removed by the copper etchant. Accordingly, photoresist covers copper layer 20 while 
unwanted portions of resistive layer 30 (e.g., Ni/Cr alloy) are etched by a Ni/Cr 
etching solution. The cured photoresist on copper layer 20 reduces the exposed 
copper surface area. 

[0026] In the case of high density interconnect PCBs, where finer lines and 

spaces for electrical interconnections are needed on the PCB, the dimensions of lines 
and the spaces therebetween become smaller. However, it has been observed that 
when spaces less than about 2-6 mil wide are to be etched, appropriate etching of the 
resistive material is difficult using conventional resistive etching solutions,, due to the 
large amount of copper relative to resistive material. 

[0027] In accordance with a preferred embodiment of the present invention, a 

resistive etching solution is provided which results in increased etching rates in the 
case of high Csa/Rsa ratios, as well as in cases where the etching spaces are small, i.e., 
less than about 2-6 mil wide. The preferred etching solution is particularly suitable for 
etching resistive material comprised of a nickel-chromium alloy, such as, by way of 
example and not limitation, a Ni/Cr/ Al/Si alloy. 

[0028] In accordance with a preferred embodiment of the present invention, an 

etching solution comprised of HC1 and thiourea is provided. In a preferred 
embodiment, the resistive etching solution is a solution comprised of HC1, glycerin 



and thiourea. The thiourea is observed to significantly increase the etching rate of 
nickel-chromium alloy, especially in the case where there is a high Csa/Rsa ratio. The 
addition of thiourea to the resistive etching solution also makes it possible to carry out 
suitable fine feature etching (i.e., etching nickel-chromium alloy resistive material in 
exposed areas 30a, 30b of < 6 mil), even without the presence of photoresist on the 
copper during the resistive etching process. 

[0029] A preferred resistive etching solution includes hydrochloric acid (37% 

by weight HC1) in the range of 5 volume% to 95 volume% (preferably about 43 
volume%), glycerin in the range of 5 volume% to 95 volume% (preferably about 46 
volume%), thiourea in the range of 0.1 ppm to 100 grams/liter (more preferably lppm 
to 2 ppm), and sufficient water to makeup 100% (volume% total). The temperature of 
the preferred resistive etching solution is in the range of room temperature (about 68°F 
to about 77°F) to about boiling point temperature of the etching solution (about 
220°F), preferably in the range of 120°F to 180°F, and more preferably in the range of 
140°F to 150°F. The resistive etching solution is preferably applied by spraying. 
[0030] The present invention will now be further described by way of the 

following Examples wherein two like etching solutions, one with thiourea and one 
without thiourea, are used to etch a like resistive material. Referring now to Examples 
1 and 2, a comparison of etching times with and without thiourea is shown. 

EXAMPLE 1 
Etching solution: HC1 (43 volume %), 

glycerin (46 volume %), 
thiourea (2 ppm), 
water (1 1 volume %) 
Etching solution temperature: 1 50°F 
Copper foil (weight per unit area): 1 oz./ft 2 
Resistive Material: Ni (56wt%)/Cr (38 wt%)/Al (4 wt%)/Si(2 wt%) 
Thickness of resistive material: 0.1 urn 
Spacing between adjacent trace lines: 2-4 mils 
Etching Times 





Without thiourea 


With 2 ppm thiourea 


With photoresist 


6 min. 


3 min. 


Without photoresist 


No etching 


5 min. 
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EXAMPLE 2 

Etching solution: HC1 (43 volume %), 

glycerin (46 volume %), 

thiourea (2 ppm), 

water (1 1 volume %) 
Etching solution temperature: 150°F 
Copper foil (weight per unit area): 1 oz./Tt 2 
Resistive Material: Ni (56wt%)/Cr (38 wt%)/Al (4 wt%)/Si (2 wt%) 
Thickness of resistive material: 0.03 fim 
Spacing between adjacent trace lines: 2-4 mils 



Etching Times 





Without thiourea 


With 2 ppm thiourea 


With photoresist 


4 min. 


2 ruin. 


Without photoresist 


No etching 


3 rain. 



[0031] As can be observed from the illustrated etching times for Examples 1 

and 2, resistive etching solutions including thiourea have significantly higher etching 
rates when the photoresist remains present during the resistive etching process. In this 
respect, the etching time is reduced by approximately 50%. In the case where the 
photoresist has been removed, the resistive etching solution with thiourea facilitates 
resistive etching that was not possible with a resistive etching solution that excluded 
thiourea. 

[0032] Other modifications and alterations will occur to others upon their 

reading and understanding of the specification. It is intended that all such 
modifications and alterations be included insofar as they come within the scope of the 
invention as claimed or the equivalents thereof. 



